ABSTRACT. This study reports a novel adenovirus that was found circulating in pigeons in China. Nucleotide homology analysis of the hexon gene showed a nucleotide similarity of 79.0 and 70.9% with PiAd-2 variant A and PiAd-1, respectively. Phylogenetic analysis suggested that the identified virus, together with PiAd-2 variant, constitutes a monophyletic group (proposed as Pigeon Aviadenovirus B) in the genus Aviadenovirus. The present study contributes to the understanding of the epidemiology, ecology, and taxonomy of adenoviruses in pigeons.
doi: 10.1292/jvms. [18] [19] [20] [21] [22] [23] [24] in pigeons (such as PiAd-2, PiAd-2 variant A, and PiAd-2 variant B; Table 1 ) [14, 18] and which target the hexon gene, were also used for excluding co-infections with other pigeon adenoviruses.
The complete hexon gene of the identified pigeon adenovirus, designated as strain FJ2017, was amplified using the primers listed in Table 1 . PCR was carried out in a PCR system (Eppendorf AG, Hamburg, Germany). The PCR mixture (50 µl) contained 25 µl Premix Taq™ (Ex Taq™ Version 2.0 plus dye; TaKaRa), 1 µl forward primer and reverse primer (20 µM each), 2 µl template DNA, and 21 µl distilled water. The PCR cycle consisted of 1 cycle at 94°C for 5 min; 35 cycles of 94°C for 50 sec (denaturation), 53°C for 35 sec (annealing), and 72°C for 120 sec (extension); and 1 cycle at 72°C for 10 min (final extension). The PCR products were subjected to electrophoresis on 1.0% agarose gels for analysis. To confirm the presence of adenoviruses in samples, all PCR amplicons with the expected product size were subjected to DNA sequencing. PCR products were purified using QIAquick Gel Extraction Kit (Qiagen, Hilden, Germany) and then cloned into a pMD18-T vector (TaKaRa), according to the manufacturer's instructions. The vector was used to transform the competent Escherichia coli strain DH5α (TaKaRa). After identification, positive transformants were submitted to a company (Sangon, Shanghai, China) for nucleotide sequence determination. For each PCR product, three colonies were selected for Sanger sequencing in both directions.
After sequence-independent amplification, sequencing and BLAST search (https://blast.ncbi.nlm.nih.gov/Blast.cgi) were performed. The sequences were assembled; the length of the hexon gene was 2,832 base pairs (bp), and it encoded 943 amino acids. The obtained sequences were submitted to the GenBank under the accession number MF576429.
In the present study, the hexon gene from previously known 18 aviadenoviruses (including 12 species in the genus and the unclassified PiAd-2 variant A identified in pigeons), 1 siadenovirus (Turkey adenovirus A), and 3 atadenoviruses (Psittacine adenovirus 3 and duck adenoviruses) retrieved from GenBank were used for further analyses. Nucleotide and amino acid identities were analyzed using Lasergene software v10.0 (DNAStar, Madison, WI, U.S.A.), by the ClustalW method.
In terms of sequence identity, the identified PiAd strain FJ2017 showed nucleotide and amino acid similarities of 79.0 and 88.6% with PiAd-2 variant A, respectively (GenBank No. KX121164) [18] . It should be noted that no classic PiAd-2 hexon complete gene sequences could be obtained from GenBank and was therefore not used for analysis in this study. In addition, the PiAd strain FJ2017 showed nucleotide and amino acid similarities of 70.3 and 80.4% with PiAd-1, respectively (GenBank No. NC024474) [12] . The lower nucleotide identities (51.8-68.1%) and amino acid identities (49.3-76.0%) shared by the strain FJ2017 and other selected bird adenoviruses are shown in Table 2 .
Phylogenetic trees based on the hexon amino acid sequences, deduced from the complete hexon gene, were constructed using the neighbor-joining method implemented in MEGA 6. Bootstrap analysis was performed with 1,000 replications. The phylogenetic tree ( Fig. 1) showed that the PiAd strain FJ2017, together with PiAd-2 variant A, forms a distinct clade, separate from the 12 species previously classified in the genus Aviadenovirus. These data suggest that the PiAd strain FJ2017, together with PiAd-2 variant A, can be classified into a novel cluster (herein proposed as pigeon aviadenovirus B, as opposed to pigeon aviadenovirus A) in the genus Aviadenovirus, family Adenoviridae.
To investigate the prevalence of this novel adenovirus in pigeons, viral nucleic acids were extracted from all 35 samples using the EasyPure Viral DNA/RNA Kit (TransGen). The individual samples were collected in Fujian, from January 2015 to December 2017. No positive results were obtained using the pigeon adenovirus detection primers listed in Table 1 . Two samples with a similar syndrome were collected from the same commercial pigeon flock; in these, the PiAd strain FJ2017 was identified, but they also tested positive using NPiAdV-HexF1/HexR1 (NPiAdV-HexF1/HexR1). The expected length of the amplified fragment was 1,064 bp. The PCR amplicons were T-A cloned and sequenced by Sanger method, described earlier. Sequence analysis showed that the two amplicons shared 100% nucleotide identity with the PiAd strain FJ2017, indicating that a single virus strain was prevalent in the pigeons in this area.
Moreover, positive samples were submitted to viral isolation by using 9-day-SPF chicken embryos, but no deaths or pathological Fig. 1 . Phylogenetic tree constructed based on the hexon proteins of bird adenoviruses of the family Adenoviridae. The tree was generated by MEGA 6.0 software, using the neighbor-joining method (bootstrap=1,000). The scale bar represents the number of nucleotide substitutions per site. The pigeon adenovirus FJ2017 strain in this study is indicated with a black diamond (♦). Reference sequences obtained from GenBank are indicated by strain name and accession number.
changes were observed in SPF chicken embryos after five passages. These data show that attempts to isolate the virus were unsuccessful, which means that it cannot be concluded that the adenovirus described herein is also the causative agent of the disease. Further studies, including propagation assays and pathogenicity tests of the newfound virus as well as of other possible pathogens, are needed to determine the causative agent of the disease. In summary, in our study, we identified a novel adenovirus that circulates among pigeons. To the best of our knowledge, this is the first report on this adenovirus in pigeons in China. The present study contributes to the understanding of the epidemiology, ecology, and taxonomy of the diverse adenoviruses in pigeons.
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